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282 Remote Sensing of Drought: Innovative Monitoring Approaches
12.1  INTRODUCTION
Since	 its	 deployment,	 the	 precipitation	 estimates	 from	 the	 network	 of	 National	





can	 contain	 considerable	 error	 because	 of	 radar	 limitations	 such	 as	 range	 degra-
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storm	 intensities	 using	 digital	 video	 integrator	 and	 processor	 (D/VIP)	 levels.	 The	










box,	 they	 would	 transfer	 these	 values	 onto	 a	 paper	 overlay,	 which	 was	 usually	 a	
county	boundary	map.	As	an	example,	a	D/VIP	level	of	5	meant	the	returned	power	
from	the	echo	had	an	equivalent	reflectivity	Z	of	between	50	and	57	decibels	(dBZ).	
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The	 reflected	power	 returned	 to	 the	 radar	 (Z)	 is	 then	assigned	a	 rainfall	 rate	 (R)	
using	a	conversion	known	as	a	Z/R	 relationship.	As	 the	value	Z	 increases,	 the	R	






(NWS/ROC,	1999).	An	 important	 end	product	 is	 the	hourly	Digital	Precipitation	
Array	(DPA)	product	that	provides	1	h	estimates	of	rainfall	on	the	4	km	HRAP	grid	
discussed	earlier.	These	DPAs	are	the	one	of	four	primary	inputs	to	the	MPE	PPS	






umented	 (Wilson	and	Brandes,	1979;	Hunter,	1996).	The	 following	 text	 is	a	brief	
description	of	some	of	these	factors	and	how	they	affect	precipitation	estimates.
12.3.1.1.1 Radar Reflectivity Calibration
Precipitation	estimates	can	experience	significant	error	if	the	reflectivity	(i.e.,	value	
of	returned	power)	from	a	rainfall	 target	 is	 too	large	or	 too	small	(Chrisman	and	
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(such	as	a	change	in	actual	transmitted	power,	or	path	loss	of	the	returned	power	
before	reaching	the	receiver	signal	processor	since	the	last	off-line	calibration)	can	
cause	 significant	 changes	 in	 absolute	 calibration	 over	 time.	 Absolute	 calibration	





12.3.1.1.2 Proper Use of Adaptable Parameters
As	mentioned	earlier,	several	adaptable	parameters	have	a	bearing	on	the	precipita-
tion	algorithm,	 including	parameters	defining	 the	Z/R	 relationship	and	 the	maxi-
mum	precipitation	 rate	 (MXPRA).	 In	 the	WSR-88D,	 the	default	Z/R	 relationship	
is	 the	 convective	 Z	 =	 300R1.4,	 and	 the	 default	 MXPRA	 is	 established	 at	 53	dBZ,	
which	equates	 to	a	maximum	rainfall	 rate	of	∼104	mm/h	 (4	 in./h)	when	 the	con-
vective	Z/R	is	employed.	This	value	of	MXPRA	was	established	to	eliminate	the	
effects	 of	 hail	 contamination	 on	 rainfall	 estimates,	 as	 water-coated	 ice	 in	 clouds	
returns	larger	reflectivity	values	than	liquid	water	alone	would	produce.	However,	
extreme	rainfall	rates	above	the	default	MXPRA	have	been	shown	to	occur	when	


















rainfall	 accumulations	 start	 and	 stop	 (Boettcher,	 2006).	 Rainfall	 underestimation	
can	occur	if	these	parameters	are	set	such	that	accumulations	begin	too	late	and/or	
end	 too	 early.	 RAINA	 is	 the	 minimum	 areal	 coverage	 of	 significant	 rain	 with	 a	
default	 setting	of	80	km2.	RAINZ	 is	 the	dBZ	 threshold	 that	 represents	 significant	
rain	 (i.e.,	 the	 level	of	 returned	power	 for	which	you	desire	 to	begin	 radar	 rainfall	
accumulation)	with	a	default	setting	of	20	dBZ.	When	the	reflectivities	of	echoes	are	
at	or	above	RAINZ	and	the	total	areal	coverage	of	returns	meets	or	exceeds	RAINA,	
the	 precipitation	 algorithm	 will	 accumulate	 rainfall.	 If	 these	 parameters	 are	 not	
adjusted	for	the	rainfall	type	noted	on	any	given	day,	this	would	have	implications	





12.3.1.1.3 Hail Contamination, Bright Band, Snow, and Subcloud Evaporation
The	presence	of	frozen	or	wet	frozen	precipitation	can	cause	significantly	enhanced	
reflectivity	 values	 (Wilson	 and	 Brandes,	 1979).	 As	 hail	 stones	 grow	 in	 size,	 they	

























the	capability	exists	 for	range	correction,	 it	 is	currently	not	 implemented	on	 the	
WSR-88D	pending	scientific	data	to	support	accurate	parameterization.	Two	other	
range	degradation	problems	are	more	 significant	 compared	 to	partial	 beam	fill-


















WSR-88D	 radar	 coverage	 area	 for	 the	United	States.	Notice	 that	many	 sections	
of	 the	 western	 United	 States	 are	 without	 adequate	 radar	 coverage,	 which	 leads	
to	unrepresentative	precipitation	estimates.	Thus,	radar-	and	range-dependent	low	
precipitation	biases	can	accumulate	over	 time,	 leading	 to	an	underestimation	of	
precipitation	 and	 a	 depiction	 of	 drier	 conditions.	 Users	 should	 understand	 this	
issue	before	using	these	estimates	to	evaluate	drought	conditions	and	other	infor-
mational	products.
12.3.1.1.5 Anomalous Propagation and Clutter Suppression
The	 WSR-88D	 displays	 reflectivity	 returns	 at	 locations	 assuming	 the	 beam	 is	
refracting	normally	in	a	standard	atmosphere.	At	times,	severe	deviations	from	the	
standard	atmosphere	occur	in	layers	with	large	vertical	gradients	of	temperature	
and/or	 water	 vapor.	 When	 these	 deviations	 occur,	 super-refraction	 of	 the	 radar	
beam	 can	 result,	 and	 inaccurate	 calculations	 of	 actual	 beam	 height	 are	 made.	
These	changes	in	refraction	usually	occur	in	the	lower	troposphere	and	can	lead	
to	persistent	and	quasi-stationary	returns	of	high	reflectivity	either	from	ducting	
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which	 leads	 to	 the	underestimation	of	 rainfall	 from	clouds	of	 low	vertical	extent.	
Figure	12.2	also	illustrates	the	gaps	in	radar	coverage	over	the	western	United	States	
due	to	the	mountainous	terrain.
FIGURE 12.3  (See color insert.)	Widespread	false	precipitation,	or	AP,	shown	on	the	MPE	
radar	mosaic.	(Photos	courtesy	NOAA/NWS,	Silver	Spring,	MD.)





























In	spite	of	 the	 limitations	and	some	of	 the	 issues	related	 to	radar-based	precipita-
tion	estimates,	there	are	valid	reasons	for	using	them.	A	recent	study	by	Krajewski	







which	 is	 critical	 for	 providing	 more	 local-scale	 information	 to	 the	 drought	 com-




















Unfortunately,	 although	 these	 data	 are	 important,	 they	 are	 not	 without	 error,	
which	 can	 be	 introduced	 by	 wind,	 tipping	 bucket	 losses,	 poor	 siting	 (e.g.,	 block-
age	from	buildings,	trees,	and	other	tall	vegetation),	frozen	precipitation,	electronic	
signal	malfunctions,	mechanical	problems,	and	timing/coding	issues	related	to	the	























cuss	how	 these	data	 are	used	 to	 improve	precipitation	 estimates	 produced	by	 the	
RFC	later	in	Section	12.4.5.
















































the	past	30	days.	 In	general,	 the	denser	 the	rain	gauge	network	 is,	 the	shorter	 the	







In	short,	 the	 larger	 the	number	of	 rain	gauges	 located	under	a	 radar	umbrella,	
the	better	chance	the	program	has	of	obtaining	nonzero	radar/rain	gauge	pairs	and	
calculating	a	mean-field	bias.	Under	 radar	umbrellas	 that	have	a	 large	number	of	








In	 addition	 to	 the	mean-field	bias	 (one	bias	 for	 each	 radar),	 a	 local	 bias	 tech-







to	 how	 the	 mean-field	 bias	 is	 applied)	 to	 produce	 the	 local	 bias–corrected	 radar	
mosaic.	By	computing	 the	bias	 for	each	HRAP	grid	box,	 local	geographical	and	
microclimatological	effects	on	rainfall	can	be	accounted	for	(Seo	and	Breidenbach,	
2002).	Because	of	this	accounting,	the	chosen	default	MPE	field	at	many	RFCs	is	
the	local bias multisensor field	(i.e.,	the	combination	of	the	local	bias	radar	mosaic	
and	a	gauge-only	analysis).




















one	 for	 each	biasing	 technique	described	 in	 the	previous	 section.	The	HAS	 fore-
caster	makes	a	determination	of	which	multisensor	field	is	estimating	correctly	each	
hour	(to	use	as	our	best	estimate	field,	discussed	further	in	the	next	two	sections).	












as	 the	 Federal	 Aviation	 Administration	 [FAA]	 and	 the	 University	 of	 Oklahoma).	
The	National	Mosaic	and	Q2	system	is	an	experimental	system	designed	to	improve	
QPE	and	eventually	very	short-term	Quantitative	Precipitation	Forecasts	(QPF).	For	















The	 MPE	 also	 ingests	 satellite-derived	 precipitation	 estimates	 from	 the	 National	
Environmental	 Satellite,	 Data,	 and	 Information	 Service	 (NESDIS).	 The	
Hydroestimator	is	an	automated	technique,	initially	designed	for	large,	moist	thun-
derstorm	 systems,	 which	 uses	 Geostationary	 Operational	 Environmental	 Satellite	
(GOES)	 infrared	 (IR)	 imagery	 cloud	 top	 brightness	 temperatures	 (Scofield	 and	
Kuligowski,	2003).	Pixels	with	the	coldest	IR	temperatures	are	assigned	the	heavi-
est	 rainfall	 rates	 at	 the	 surface.	 Numerous	 other	 factors,	 including	 the	 cloud-top	





are	 in	 close	agreement.	However,	 correlation	coefficients	 comparing	24	h	 satellite	
















rainfall	 totals	 shortly	 after	 12	 Coordinated	 Universal	 Time	 (UTC)	 each	 morning	
allow	 HAS	 forecasters	 to	 determine	 areas	 where	 the	 MPE	 estimates	 may	 be	 too	
low	or	too	high.	Forecasters	can	raise	or	lower	estimates	in	specific	hours	in	order	
to	produce	a	24	h	estimate	that	is	more	consistent	with	24	h	gauge	reports.	The	goal	
is	 to	 achieve	 a	 “general”	 level	 of	 acceptable	 error	 in	 the	 estimates.	Programs	are	
run	that	show	the	correlation	coefficient	and	percent	bias	of	MPE	estimates,	which	
vary	by	time	and	location.	The	goal	is	to	modify	the	estimates	to	achieve	correlation	
coefficients	of	greater	 than	0.85.	Most	 initial	estimates	are	 low	(meaning	the	24	h	










In	 the	 early	 and	 mid-2000s,	 NWS	 Southern	 Region	 offices	 began	 to	 display	
the	 gridded	 MPE	 output	 maps	 on	 the	 Internet,	 and	 the	 data	 became	 avail-
able	 for	download	a	 short	 time	 later.	 Initially,	 these	pages	graphically	 showed	
the	 short-term	 observed	 and	 climatic	 trends	 of	 precipitation	 across	 the	 south-
ern	 region	 (from	 New	 Mexico	 eastward	 to	 Tennessee,	 Georgia,	 and	 Florida).	
In	 2009,	 this	 project	 was	 expanded	 to	 include	 the	 entire	 CONUS	 and	 Puerto	
Rico.	 The	 national-level	 products	 can	 be	 found	 on	 the	 Advanced	 Hydrologic	
Prediction	 Service	 (AHPS)	 web	 site	 (http://water.weather.gov).	 Tools	 are	 also	
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available	 to	 compare	 MPE	 estimates	 to	 normal	 rainfall	 over	 different	 times-
cales	(http://water.weather.gov/precip/),	which	can	provide	valuable	insight	into	








of	 record	 (1971–2000).	 The	 data	 sets	 were	 created	 as	 a	 unique	 knowledge-based	
system	 that	 uses	 point	 measurements	 of	 precipitation,	 temperature,	 and	other	 cli-
matic	factors	to	produce	continuous,	digital	grid	estimates	of	monthly,	yearly,	and	
event-based	 climatic	 parameters.	 This	 unique	 analytical	 tool	 incorporates	 point	
data,	a	digital	elevation	model,	and	expert	knowledge	of	complex	climatic	extremes,	
including	rain	shadows,	coastal	effects,	and	temperature	inversions.	In	order	to	fill	
in	areas	 that	have	radar-coverage	gaps	 in	 the	mountainous	western	United	States,	
gauge	reports	are	plotted	against	long-term	climatic	PRISM	precipitation	data,	and	
amounts	between	gauge	locations	are	spatially	interpolated	(more	information	about	
this	 method	 is	 available	 at	 http://www.cnrfc.noaa.gov/products/rfcprismuse.pdf).	




Figure	 12.5	 shows	 an	 example	 of	 a	 percent	 of	 normal	 rainfall	 graphic	 from	
December	 2010	 across	 the	 southern	 United	 States.	 This	 month	 was	 exception-
ally	dry,	and	this	graphic	depicts	few	areas	where	percent	of	normal	precipitation	
FIGURE 12.5  (See color insert.)	Percent	of	normal	rainfall	for	the	southern	United	States	
from	the	AHPS	precipitation	analysis	page	for	December	2010.	(Image	courtesy	of	NOAA/
NWS,	Silver	Spring,	MD.)








Before	 2009,	 all	 radar-based	 product	 data	 displayed	 by	 the	 Southern	 Region	








tions,	 and	 individuals	 to	make	more	 informed	decisions	about	 risk-based	policies	
and	actions	to	mitigate	the	dangers	posed	by	droughts.	Although	these	products	were	
not	designed	specifically	for	drought	monitoring,	the	high-spatial-resolution	precip-





Traditionally,	 coarse	 resolution	SPI	maps	derived	 from	spatial	 interpolations	





drought.	 In	 brief,	 the	 SPI	 map	 generated	 from	 AHPS	 precipitation	 analyses	 is	







































FIGURE  12.6  (See color insert.)	 An	 8	 week	 SPI	 map	 interpolated	 from	 station-based	
precipitation	 data	 (a)	 and	 an	8	week	SPI	map	derived	 from	4	km	precipitation	 from	MPE	
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USDM	map	on	a	county	scale	for	 its	drought	 relief	decisions,	yet	 the	USDM	and	


















the	surrounding	states	 to	minimize	edge	effects	during	 the	spatial	 interpolation	
of	the	SPI	point	data)	were	used	to	generate	the	map	in	Figure	12.6a.	The	station-
based	SPI	 shows	 the	overall	 location	of	 exceptionally	wet	 conditions	 (northeast	











FIGURE 12.6 (continued)  (See color insert.)
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eastward	 to	 Gonzales	 County),	 the	 MPE-based	 blended	 SPI	 showed	 severe	 to	












area	 reveals	 many	 subtle	 subcounty	 variations	 in	 dryness	 that	 are	 not	 detected	
in	 the	station-based	SPI	map.	Many	counties	 in	southern	Texas	have	pockets	of	
both	drought	and	nondrought	conditions	in	the	radar-generated	SPI	map	that	can-
not	be	 spatially	 resolved	using	 traditional	 interpolated	maps	 from	station-based	
observations.









Over	 the	 past	 several	 years,	 advancements	 have	 been	 made	 in	 both	 radar-based	














areas	 west	 of	 the	 Continental	 Divide,	 a	 different	 method	 is	 used	 to	 derive	 the	
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tion	estimates	 than	 those	 that	 rely	on	a	single	sensor	 (i.e.,	 radar	only,	gauge	only,	
and	satellite	only).	Although	it	 is	not	perfect,	 the	MPE	data	set	 is	one	of	 the	best	




















ces	 representative	 of	 county-	 to	 subcounty-scale	 drought	 information	 because	 of	
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FIGURE 12.3 Widespread false precipitation, or AP, shown on the MPE radar mosaic. 
(Photos courtesy NOAA/NWS, Silver Spring, MD.)
FIGURE 12.5 Percent of normal rainfall for the southern United States from the AHPS 
































FIGURE 12.6 An 8 week SPI map interpolated from station-based precipitation data (a) and 
an 8 week SPI map derived from 4 km precipitation from MPE (b) (Image courtesy of Dr. John 
Nielsen-Gammon) for early September 2009 during the severe drought in southern Texas, as 
shown by the USDM map on September 7, 2009 (c). The circle highlights an area of excep-
tional drought in the USDM that is shown to have near-normal conditions in the interpolated 
SPI map (a) but clearly had localized areas of severe drought conditions that were detected in 
the SPI map based on higher-resolution, radar-based precipitation observations (b).
